INTRODUCTION
Alien amphipods of Ponto-Caspian origin have expanded their range in European waters since the beginning of the XXth century (Bij de Vaate et al. 2002 , Konopacka 2004 . This probably results from the development of canals connecting various water bodies and changes in water chemistry, namely their increased salinity favouring oligohaline taxa , Konopacka 2004 , Grabowski et al. 2006 , Devin & Beisel 2007 . Invasive amphipods have established large, self-sustaining populations in large rivers and Baltic coastal waters, especially in sheltered, eutrophic lagoons (Konopacka 2004 , Jażdżewski et al. 2005 , Grabowski et al. 2006 . They often displace their native counterparts (Arbaciauskas 2002 , Berezina & Panov 2003 , Jażdżewski et al. 2004 , Grabowski et al. 2006 ), but also compete with one another (Grabowski et al. 2006 ). An especially expansive invader is Dikerogammarus villosus, due to its predatory feeding habits and large size (Devin et al. 2003) , but other species, e.g. Pontogammarus robustoides, and a North American invader Gammarus tigrinus, also contribute to decreasing abundances of other amphipods (Berezina & Panov 2003 , Jażdżewski et al. 2004 , Arbaciauskas 2005 , Wawrzyniak-Wydrowska & Gruszka 2005 , Grabowski et al. 2006 . Apart from interspecific competition, the invaders affect local communities by intensive predation on zoobenthos (Berezina & Panov 2003) and constitute valuable food sources for many species of fish (Grabowska & Grabowski 2005 , Kakareko et al. 2005 .
Some of the alien amphipods have occurred in European waters since the beginning of the XXth century (e.g. Chaetogammarus ischnus, Chelicorophium curvispinum), while others have appeared more recently, in the second half of the XXth century (e.g. Dikerogammarus haemobaphes, D. villosus or P. robustoides) (Jażdżewski 1975 , Bij de Vaate et al. 2002 , Konopacka 2004 ). Furthermore, they differ in their invasive potential, ranging from, for example, C. ischnus, which usually occurs in low numbers (Van der Velde et al. 2000 , Jażdżewski et al. 2004 , to the very expansive D. villosus and P. robustoides, capable of reaching high densities in favourable conditions. The relationships between stable populations of earlier invaders and new species, currently arriving to new areas are not well known. It is possible that highly expansive newcomers might strongly affect populations of other amphipods (Jażdżewski et al. 2004 , Konopacka 2004 ).
This study reports findings of investigations into interspecific interactions between two amphipod species living in the Włocławek Dam Reservoir (the Vistula River, central Poland): P. robustoides and C. ischnus. We hypothesized that the highly invasive P. robustoides would limit the occurrence of C. ischnus, due to the smaller size and lower fecundity of the latter (Kley & Maier 2006) .
To verify this hypothesis, we collected samples from sites at which the species co-occurred during two consecutive years, both from the bare bottom and from submerged plants.
MATERIALS AND METHODS

Study area and sampling sites
The Włocławek Reservoir (Fig. 1 ) was created at the end of the 1960s on the Lower Vistula River, in central Poland. It is one of the largest dam reservoirs in Poland, with an area of 70 km 2 and is 57 km long. Its average width is 1.2 km, while its average and maximum depths are 5.5 m and 15 m, respectively. The total capacity of the reservoir is 0.408 km 3 , with a usable capacity of 0.055 km 3 , and an average flow of 900 m 3 s -1 (Głodek 1985) . The reservoir has a very short retention time, of only 4-5 days, which can be reduced to as low as 1 day in periods of increased flow. This results in the reservoir, 70% of which consists of the old channel of the Vistula River, having a highly lotic character (Głogowska 2000) . Samples were collected from the middle part of the reservoir, proximal to Dobiegniewo village ( Fig. 1 ). An earlier study showed that P. robustoides, being a species preferring lentic conditions (Grabowski & Bącela 2005 , was at its most abundant in the vicinity of the shore, but was also present in the entire off-channel zone of the reservoir, whilst C. ischnus was present only further from the shore (Żytkowicz et al. 2008) . In this study two sites, at which these species co-occurred, were selected for sampling ( Fig. 1) . Site A, which was 1-1.5 m deep, was located ca. 220 m from the left bank, on the flat sandy shoal, the bottom covered by a thin layer of mud and partially overgrown by macrophytes. Site B, located a few meters further from shore than site A, was 2 m deep, the substratum being covered by a layer of shells, mainly of both dead and alive zebra mussel, Dreissena polymorpha.
Sampling procedure
The bottom samples were collected from April to November in 2004 (monthly) and 2005 (twice a month). Samples (four replicates per sample) were collected using an Ekman-Birge sampler with a catch area of 225 cm 2 . This sampler is commonly used for collection of comparatively immobile species that have no real possibility of escape. Amphipoda are mobile animals, so it was possible that they would actively avoid the sampler. However, our preliminary observations in the field have shown that as the sampler falls suddenly and rapidly from above gammarids do not seem to be capable of a directional escape, especially when buried in the substratum. Moreover, the bottom in the studied area was rather homogenous and devoid of large solid objects (big stones, roots, etc.) or dense macrophytes, which could make using this type of sampler difficult. Thus, we assume that numbers of amphipods collected in our samples reflect their real distribution in the field.
Samples from macrophytes were collected from site A monthly between August and November 2005 (four dates). On each date, two separate samples were taken, each consisting of the contents of one Ekman-Birge sampler. The sampler always easily reached the bottom and cut a sample of macrophyte fragments together with the substratum. The substratum was collected as it was assumed that animals occurring on the bottom among macrophytes would be affected by them, unlike those living in bare sediments.
Data analysis
The bottom samples were analysed with the two-factor ANCOVA, with sampling year and site as factors, density of C. ischnus as dependent variable and density of P. robustoides as covariate (the latter species was assumed to affect the distribution of the former). The data were log-transformed to reduce the violations of normality and homoscedasticity assumptions.
Relationships between the two species occurring on macrophytes were analysed using the Spearman nonparametric correlation coefficient. In order to control for the differences in gammarid numbers among the various dates, data were transformed into relative abundances (RA) calculated for each sampling date (RA = S/T, where S is the number of individuals of a given species in a sample and T is the total number of individuals of that species in both samples taken on the same date). As it was possible that the impact of P. robustoides would depend on its size, the above analyses were conducted for the two data sets, first with all collected gammarids, and second after excluding individuals of P. robustoides shorter than 6 mm (this was the maximum length of C. ischnus in our study).
RESULTS
The main effects of year and site on the density of C. ischnus collected from the bottom were insignificant (ANCOVA: F 1, 25 = 0.0005, p = 0.9819 and F 1, 25 = 0.12, p = 0.7333, respectively). However, the differences in density between the sites depended on the sampling year, although the statistical significance of this interaction was rather low (interaction in ANCOVA: F 1, 25 = 4.57, p = 0.0424). In 2004, C. ischnus was present only at site A, while in 2005 it was more abundant at site B (Fig. 2) . P. robustoides was more abundant at the shallower, sandy site A in both years of the study (Fig. 2) . There was a significant negative relationship between the two species (ANCOVA: F 1, 25 = 6.92, p = 0.014), showing that C. ischnus was relatively more abundant in samples in which P. robustoides was less abundant (Fig. 3) .
The mean density of C. ischnus collected from plants at site A was much lower than that of P. robustoides (Fig. 4 ). There was a strong negative correlation between the relative densities of the two species when only large individuals of P. robustoides were taken into account (Fig. 5) . In other words, high densities of C. ischnus were observed in those samples in which the abundances of large P. robustoides were low (Fig. 4, 5 ). If all of the P. robustoides specimens were included in the analysis, the correlation was much weaker and insignificant (Fig. 5) . 5 . Relationship between the occurrence of the two gammarid species P. robustoides and C. ischnus on submerged plants. As a result of differences in the gammarid abundances on various sampling dates, all species densities were converted into relative abundances (RA = S / T, where RA is the relative abundance of a given species, S is the number of individuals of this species in a sample and T is the total abundance of this species in both samples taken on the same date). The Spearman rank correlation coefficients and respective p-levels are shown in the figure.
DISCUSSION
Although both C. ischnus and P. robustoides occurred at the offshore site, there was a strong negative relationship between their abundances (Fig. 3, 5 ). The former species was abundant only in those samples in which the latter was absent or rare. At the shallow, sandy, inshore sites, where P. robustoides reached its highest densities, C. ischnus was absent (Żytkowicz et al. 2008) . C. ischnus usually lives in large rivers and prefers deeper sites with hard substrata, especially those covered by zebra mussel shells (Jażdżewski 1980 , Van Overdijk et al. 2003 , Palmer & Ricciardi 2005 . On the other hand, P. robustoides tends to be associated with shallow, sandy sites (Gruszka 1999 (Gruszka , Żytkowicz et al. 2008 or submerged plants (Dedju 1980) .
Our results indicate that P. robustoides limited the occurrence of C. ischnus in this study. This highly expansive species is well known for its predatory habits (Orlova et al. 2006) . Berezina & Panov (2003) found P. robustoides a much more effective predator than another gammarid, Gmelinoides fasciatus, in the Newa River estuary where these species co-occur, both with respect to feeding on bottom fauna and intra-guild predation. P. robustoides was seen to displace native gammarids, Gammarus lacustris and Gammarus pulex, following its introduction to Lithuanian water bodies (Arbaciauskas 2002) . In the eastern Gulf of Finland (the Baltic Sea), P. robustoides, and another invasive amphipod, G. fasciatus, strongly affected the functioning of littoral communities by preying on zoobenthos and grazing macroalgae (Orlova et al. 2006 ). Native amphipods have been shown to be able to co-exist with this newcomer only when its density is low (Arbaciauskas 2005) .
In the samples collected from macrophytes, a significant relationship between C. ischnus and P. robustoides was detected only after exclusion of the small P. robustoides from the data set. The presence of numerous small individuals of this species, unable to feed on C. ischnus as a result of their size, obscured the negative association between the two species, suggesting that the observed relationship resulted from the predation of P. robustoides on C. ischnus.
The impact of C. ischnus on benthic organisms, including other amphipods, is not well known. Its presence is sometimes assumed to result in displacement of native taxa, such as G. pulex and G. varsoviensis from the Vistula River (Jażdżewski et al. 2004 ), or G. fasciatus from some North American water bodies (Dermott et al. 1998 , Nalepa et al. 2001 , Gonzales & Burkart 2004 . However, given the low densities reached by this species (usually less than 100 individuals per m 2 ) (Jażdżewski 1975 , Van der Velde et al. 2000 , Jażdżewski et al. 2004 ), it does not seem probable that its occurrence is the only reason for such observed changes in community composition, and other factors, such as changes in abiotic conditions, cannot be excluded. In North America, as well as replacement of G. fasciatus by C. ischnus shown by the above-mentioned studies, the opposite relationship (i.e. dominance of the former, native species) has also been reported (Palmer & Ricciardi 2005 , Limen et al. 2005 .
Predation of C. ischnus on other gammarids has been observed in the laboratory. It is an efficient predator in comparison with some native European taxa, such as Gammarus fossarum and Gammarus roeseli (Kinzler and Maier 2003) , whilst comparable to G. pulex, and much less predatory than D. villosus (Krisp & Maier 2005) . It seems likely that it is a less efficient predator than P. robustoides, as reported in this study, because of the size difference between the two species. P. robustoides in the Włocławek Dam Reservoir reaches up to 21 mm in length (Bącela & Konopacka 2005) . By comparison C. ischnus has been observed reaching lengths of 10 mm (Konopacka 2004) , 12 mm (Konopacka & Jesionowska 1995) or even 15 mm (Kley & Maier 2003 , Krisp & Maier 2005 . The latter value was also observed in its native region (Mordukhaj-Boltovskoj 1949) . The largest individuals found in this study were only 6.5 mm long. This size difference between the two species certainly facilitates predation of P. robustoides on C. ischnus. Nevertheless, our data show that C. ischnus is able to co-exist with the larger and more predatory P. robustoides at certain sites, where conditions are more suitable for its proliferation, for example those which are comparatively deeper and contain hard materials (zebra mussel shells) (e.g. site B).
P. robustoides is a large species with high fecundity and invasive potential (Bącela & Konopacka 2005) . It is tolerant of oxygen deficiency (Arbaciauskas 2002 (Arbaciauskas , 2005 and can live on sandy substrata (Gruszka 1999) as well as in stagnant waters (Arbaciauskas 2002 , Grabowski & Bącela 2005 ) that are avoided by other expansive species, e.g. D. villosus (Devin et al. 2003 ). Thus, one can expect further expansion of this species in Europe and, perhaps, in North America (Ricciardi & Rasmusen 1998) . Our study shows that the role of P. robustoides in newly invaded ecosystems may be considerable, much higher than that of C. ischnus, which is already present in these areas.
CONCLUSIONS
Our study shows that P. robustoides is able to limit the occurrence of C. ischnus, probably due to its more aggressive predatory habits and larger size. Although C. ischnus co-exists with P. robustoides at offshore sites, the abundances of the species are negatively correlated. Given the lower density and much smaller size of C. ischnus, we assume that the observed relationship results from the more efficient intra-guild predation and/or competition of
